Background: Stroke is a leading cause of disability in elderly people. Lesion location and size, and trunk control early after stroke have been found predictive of functional outcome. Trunk control is an important aspect of postural control, and commonly found to be impaired. A hemispheric difference in the regulation of postural control has been suggested, but limited knowledge of a relationship between specific lesions and trunk control exists.
Introduction
Stroke is the most common cause of disability in the elderly population [1, 2] . The long-term effect of stroke is determined by lesion location and size and by the extent of subsequent recovery [3] [4] [5] , but there is limited knowledge of what impact specific lesions have on motor skills.
Trunk control is an important aspect of postural control, and is accordingly essential for balance, walking and other functional activities [6] [7] [8] [9] . However, limited research has been undertaken to explore a possible impact of lesion location on trunk control in patients post stroke, possibly because the trunk seemsto be bilaterally innervated [10] , and therefore assumed to cause less functional impairment as compared to the affected extremities [11] . Although the trunk has been found to be impaired in several studies [11] [12] [13] [14] , we only found two studies that explored hemispheric asymmetry related to trunk control in stroke [15, 16] , To the best of our knowledge, no studies have explored the possible relationship between trunk control and specific lesion locations, and there is therefore a need for more research in this area. Knowledge of such a relationship could give additional understanding of factors underlying functional problems seen in stroke and highlight a possible need to prioritize trunk retraining for certain patients early post stroke when the potential for recovery is greatest.
The middle cerebral artery (MCA) is the most common site for stroke [17] . A diagnostic tool used to investigate the location of acute stroke in the MCA territory is the Alberta Stroke Program Early CT Score (ASPECTS) [18, 19] . The main objective of this study was to explore the relationship between middle cerebral artery lesion locations and trunk control post stroke, and to compare trunk control between patients with lesions in different single and multiple locations and between left and right hemispheres.
Patients
The patients were admitted to a university hospital stroke unit in Norway, from 2008 to 2011 with a 3 months follow-up. The patients were assessed for eligibility to the ESD Stroke Bergen by a stroke unit physician and recruited by a stroke nurse. Inclusion criteria: acute MCA lesion as diagnosed by Magnetic Resonance Imaging (MRI), living at home prior to the stroke, inclusion within 2-7 days after stroke onset and between 6 -120 hours after admission to the stroke unit, and a National Institutes of Health Stroke Scale score (NIHSS) [21] of 2-26. Patients with NIHSS score <2 were included if the modified Rankin Scale (mRS) [22] score was ≥ 2. Written informed consent was obtained, and if this was not possible, consent was given by the next of kin, and the patients had to confirm this in writing as soon as they were able to. This procedure was approved by the regional ethics committee. Exclusion criteria: serious psychiatric disorders, current alcohol or substance abuse, severe co-morbidity rendering the patient too ill to be tested due to e.g. the acute stroke, serious heart condition or terminal cancer, or poor understanding of the Norwegian language. Additional exclusion criteria were added for the present study: previous stroke and additional lesions in the brain stem or cerebellum, and inability to sit upright unsupported for 10 seconds.
Data collection
Background information on age, gender, cohabitation, diabetes, previous nursing care, hemispheric lesion side and thrombolytic treatment were recorded. The Trunk Impairment Scale-modified Norwegian version (TIS-modNV) [23] was used to evaluate the stroke patients' quality of trunk control in sitting. A prerequisite for scoring is the ability to sit upright without support for 10 sec. The scale consists of 6 items giving a total sum of 0-16 points (16 highest). Item 1: sideflexion to the most affected side touching the plinth with the elbow; item 2: side flexion to the opposite side touching the plinth with the elbow. These two items evaluate the patients' ability to keep the pelvis stable and in contact with the base of support while at the same time selectively sideflexing the upper trunk (Figure 1 A). Item 3: lifting the most affected hip/pelvic half off the plinth; item 4: lifting the opposite hip/ pelvic half off the plinth. These two items evaluate the patients' ability to keep the upper trunk stable while selectively weight transferring to one side to lift the opposite hip/pelvic half (Figure 1 B ). Item 5: selective rotation of upper trunk while keeping the pelvis stable; and item 6: selective rotation of lower trunk by moving alternate knees forward while keeping the upper trunk stable. To achieve the full score on item 5 and 6, the patients have to complete the task within 6 seconds. The items are constructed as ordinal scales with scoring levels 0-3 (Items 1, 2, 5, 6) and 0-2 (Items 3, 4). A score of zero means that the patient is unable to perform the required task, and to achieve a top score the performance should be appropriate without compensation, i.e. optimal. The scale has demonstrated good construct validity, excellent internal consistency, as well as high inter-tester and test-retest reliability [23] . Four neurorehabilitation physiotherapists tested the patients' trunk control. They had practised testing several patients prior to this study to assure reliability within themselves.
Lesion location was determined by diffusion weighted MRI (DWI MRI) after admission to the hospital. DWI was performed as part of MRI on a 1.5 Tesla Siemens Magnetom (Symphony) using a DWIsequence of ep2d_diff_3scan_trace with Field of view 230 mm, Slice thickness 5 mm, TR 3200 ms, TE 94 ms, as specification parameters [24] . The scans were scored by a senior consultant neurologist (HN) at the stroke unit using the Alberta Stroke Program Early CT Score (ASPECTS). ASPECTS were initially developed for CT, but as MRI technology has rapidly become the most frequently used imaging tool, ASPECTS is applied on DWI MRI (DWI ASPECTS) [19, [25] [26] [27] [28] . ASPECT scores 10 locations in the MCA territory [26, 29] : 3 subcortical regions (internal capsule, the lentiform and caudate nuclei) and 7 cortical regions (insular cortex, M1 -M6). M1 to M6 are geometrical divisions of the MCA-territory, and not anatomical areas [29] . An ASPECTS sum of 10 indicates no lesions in the MCA-territory detected by DWI MRI, while an identifiable lesion in any of these regions results in a deduction of 1 point [30] , i.e. two lesion locations would give an ASPECTS sum of eight. Number of lesion locations indicates the extent (size) of the lesion in the individual patient [26, 30] .
Data was collected for the ESD Stroke Bergen, and ethical approval was sought and given for the present study by the Norwegian Social Science Data Services and the Regional Committee for Medical and Health Research Ethics (project no. 2010/2462), which allowed data to be used without the patients giving separate consent.
Statistics
Descriptive statistics were used to examine background characteristics of all patients as well as gender differences for age and baseline TIS-modNV. Independent t-tests were used to compare age and Mann-Whitney's U-test to compare baseline TIS-modNV scores between men and women, and multiple and single lesion locations, as scores were not normally distributed. Independent t-test was used to compare age, and Mann-Whitney's U-test to compare other background variables between patients with multiple and single lesion locations. Descriptive statistics were used to explore baseline TIS-modNV scores in patients with lesions in multiple and single ASPECT locations, and Mann-Whitney's U-test to compare TIS-modNV scores between right and left hemispheres for single cortical, subcortical and individual ASPECT locations. The statistical programmes package SPSS 21 (SPSS Inc. Chicago, Illinois 60606) was used for all data analysis. 
Results
Of 306 patients included in the ESD Stroke Bergen, 197 were excluded: 111 (36.3%) did not suffer MCA infarcts; 38 did not have MRI scans; four were too ill to be tested for trunk control and one patient was not available; 19 had previous strokes; 13 had additional strokes in cerebellum or brainstem; and 11 patients scored fully (no infarct detected) on ASPECTS but had clinical signs and symptoms of MCA infarction. One-hundred-and-nine patients fulfilled the inclusion criteria of the present study, of which 38 suffered lesions in single and 71 in multiple ASPECT locations. Background characteristics of all patients are shown in Table 1 . For inclusion in the study, the ability to sit upright and unsupported was assessed at mean (SD), min-max: 4.5 (1.9), 1-9 days after stroke (missing information on 4 patients), at the same time as the patients were tested using TIS-modNV. The overall TIS-modNV sum scores were median/mean (SD), min -max: 10.0/9.0 (4.5), 0-16, and the patients were tested at mean (SD), min-max: 4.5 (1.9), 1-9 days after stroke (missing information on 4 patients).
There were no significant differences for any background variables between patients suffering lesions in multiple or single locations. The distribution of scores related to TIS-modNV in multiple and single ASPECT locations are shown in Table 2 . There was a significant difference in overall trunk control between patients with multiple (median 8.0) and single (median 11.0) lesion locations, P=0.011, but both groups showed substantial variability in scores. The most frequent single lesion locations were M5 (n=19, 50%) and internal capsule (n=7, 18.4%), M5 was also the most frequent stroke site in multiple ASPECT locations. Patients with single lentiform nucleus or M5 lesion locations demonstrated the best trunk control. No patients suffered lesions in the single locations insular cortex, M2 or M3.
The distribution of TIS-modNV scores in single right and left hemispheric lesions is shown in Table 3 . Patients with lesions of the right M5 (median 9.0) location tended to demonstrate poorer trunk control as compared to left (median 13.0), p=0.030.
Post hoc differences in trunk control between patients with lesions of right and left M5 locations (n = 19) were further explored regarding performance scores of each item on TIS-modNV ( Table 4 ). The items are organized to display lower and upper trunk control, respectively. Comparing the frequency of patients achieving the different scoring alternatives, we found that more patients with right hemispheric lesions achieved poorer scores (0 or 1) in items 1, 4 and 6 as compared to left (Table 4 ).
Discussion
Trunk control has been found to be associated with balance and functional ability [31, 32] , functional change and destination at discharge [33] , and to predict functional outcome at 6 months post stroke better than Barthel Index [34] . Trunk impairments may potentially be one explanatory factor for the patients' level of disability post stroke as seen in clinical practice.
This study explored the relationship between trunk control and locations of acute MCA lesions as evaluated with ASPECTS. Most patients had lesions in multiple locations and tended to display poorer trunk control than patients with single lesion locations. We found significant differences in trunk control between single right and left M5 lesion locations, with right hemispheric lesions demonstrating poorer trunk control than left, specifically for items 1, 4 and 6 of the TIS-modNV.
Patients with multiple lesion locations could have lesions in any combination of locations; for these patients it is not possible to infer any causal relationship as to which location(s) might be most responsible for deficits in trunk control. To explore the impact of lesions in the different locations, we therefore chose to look more closely at patients suffering lesions in single locations. Best trunk control was found in patients with lesions of the lentiform nucleus and M5 in single ASPECT locations ( Table 2) , but in single locations we also found significant difference in trunk control between the right and left M5 ( Table 3) . The results regarding hemispheric differences show a tendency towards poorer trunk control after right hemispheric lesions, both when looking at all single locations together and for cortical locations alone, but the sample was too small to draw any firm conclusions. This result might also be due to the significant hemispheric difference in trunk control with lesions of M5 locations.
Our results add to previous findings of hemispheric differences regarding postural control. Manor et al. [35] investigated the dependence upon vision and non-lesioned regional brain tissue volumes for postural control in patients with right and left MCA lesions using MRI. They found that right hemispheric lesions were associated with greater postural sway velocity, range and variability in standing with eyes closed as opposed to eyes open, compared to patients with left MCA lesions and controls. Other researchers [36] [37] [38] have also found that patients with right hemispheric lesions seem to display the poorest postural control. Abe et al. [39] found significantly higher prevalence for pushing behavior, a disorder of the upright body orientation with respect to gravity [39, 40] , in patients with acute right hemispheric lesions as compared to left and thereby poorer postural control. We have only found two studies on hemispheric asymmetry related specifically to trunk control in stroke, and these demonstrated poorer postural stability in sitting in patients with right hemispheric lesions as compared to left [15, 16] . Previous studies therefore suggest a differentiation between the right and left hemisphere in the regulation of postural and trunk control, which is supported by the results of our study.
We have not found any studies investigating the relationship between trunk or postural control and lesion location using ASPECTS. However, lesion location related to balance has recently [2, 9] Abbreviations: ASPECTS: Alberta Stroke Program Early CT Score based on diffusion weighted magnetic resonance imaging (DWI MRI);IQR: interquartile range. a ASPECTS: no lesions = 10 points, a patient with a score of 9 has one lesion been investigated in patients with stroke [41, 42] using functional near-infrared spectroscopy (fNIRS) [42] [43] [44] . fNIRS is a portable brain imaging technique with fiber optic cables mounted in a wearable head cap, and uses low levels of light to measure blood flow and blood oxygenation changes in the brain. This system gives similar information as functional magnetic resonance imaging (fMRI), but unlike fMRI it allows the patient to be upright or even ambulatory during imaging [43] . Fujimoto et al. [41] explored recovery of balance in 20 patients 2-3 months post stroke using a movable platform and fNIRS, and found that the supplementary motor area (SMA) might play a role in postural control. The SMA has also previously been suggested to have a role in postural control [45] . Mihara [44] and 20 patients in the subacute to chronic stage post stroke [42] . They suggested that a broad cortical network including prefrontal, premotor, SMA and parietal cortical areas are involved in postural control in both healthy individuals as well as in patients post stroke. A variety of experimental settings using different ways of exploring balance and recording cortical activity make comparisons between studies difficult, however, results from studies mentioned above would seem to indicate that the cortex plays a substantial role in postural control. Whether this is related to the acute lesion or functional reorganization over time requires further study. We found a difference in trunk control between the right and left hemispheric M5 location within the first week after stroke onset. As ASPECT divides the MCA territory into geometrical and not functional areas, it is not possible to give an exact functional correlate to the different locations. However, M5 is located within the anterior parts of the MCA territory and is hypothesized to represent sensory and motor areas of the cortex (personal communication with neuroanatomist Per Brodal). If this is the case, the sensory and motor aspects of the right hemisphere would seem important for the postural role of the trunk and lesions in this area could possibly explain some of the impairments seen in trunk control early after stroke. Post hoc analysis showed differences in trunk control between lesions in left and right M5 locations.Patients with right hemispheric lesions would therefore seem to have greater impairments in trunk control as compared to left, specifically for TIS-modNV items 1, 4 and 6.
Limitations
We chose to explore the impact on trunk control of lesions related to the MCA territory using ASPECTS. According to Balaban et al. [17] the MCA territory is the most frequent site for stroke, however, of the original sample included in the ESD Stroke Bergen we excluded nearly half: 149 (48.7%) patients, as they did not suffer MCA lesions or did not have MRI scans. A possible relation between trunk control and lesion location was therefore not examined for a considerable portion of the patients.Lesions of the brain stem and cerebellum are known to be associated with balance problems [46] , and patients with additional lesions in these areas were excluded from the study as well as patients with previous strokes. Comparisons between lesions of the right and left hemisphere for caudate and lentiform nuclei, insular cortex, M1-M3, and M6 was not possible as there were too few patients with lesions in these locations. For internal capsule and M4 no significant differences were found, and there were too few patients to draw any conclusions as for a possible hemispheric difference in trunk control. Our results are therefore related to M5 alone. We did not record the patients' handedness, and therefore we do not know whether the regulation of trunk control is different with right or left dominant side.
Clinical relevance
Expanding the knowledge of trunk control and its association with lesion location has clinical relevance.Our results demonstrated a hemispheric difference for M5 in the regulation of trunk control. AsM5 is located within the anterior parts of the MCA territory which is hypothesized to represent sensory and motor areas of the cortex, the right M5 location could be hypothesized to have a greater role in the regulation of trunk control than left.Early information about lesion location together with assessment of trunk control may help guide therapists in their treatment choices and emphasis in intervention, which ultimately may positively affect the patients overall function and independence. Several authors recommend interventions aimed at improving trunk control post stroke [13, 14, [47] [48] [49] [50] [51] , and this is also recommended in a recent systematic review [52] .
Further research
More research is needed to further explore the possible relationship between trunk control and different lesion locations and also with the patient's handedness taken into consideration. The relationship between lesion location and trunk control versus functional recovery remains to be investigated.
Conclusion
The results of our study indicate that patients with lesions in multiple ASPECT locations have poorer trunk control than patients with single locations early after stroke, and that trunk control is poorer after single right M5 lesions as compared to left. We recommend therapists to have specific attention towards trunk control in rehabilitation of patients with MCA lesions and especially with a right M5 location early post stroke.
